Femtosecond laser-assisted cataract surgery may enhance safety and precision in eyes undergoing cataract surgery and intraocular lens (IOL) implantation. 1 It has been shown to provide more precise corneal incisions and capsulotomy formation; the reduced phacoemulsification energy by prefragmentation of the crystalline lens is a potential advantage. 2 On the other hand, laser emissions applied to intraocular tissues might release unwanted cytokines and inflammatory mediators. 3 The literature has shown that significant intraoperative miosis occurs, with a reported prevalence ranging between 9.5% and 32%. 3 In addition, small-pupil cataract surgery is more surgically challenging because of comorbidities, with associated higher complication rates. 4 Sufficient mydriasis must be maintained during cataract surgery to allow for adequate access to the diseased lens and proper placement of an intraocular IOL without causing trauma to the iris. 5
Previous studies have shown that nonsteroidal anti-inflammatory drugs (NSAIDs) are effective for the treatment or prevention of the postoperative ocular pain and inflammation without the adverse events commonly associated with corticosteroids. [6] [7] [8] [9] Bromfenac ophthalmic solution 0.09% was the first ophthalmic NSAID to receive Food and Drug Administration (FDA) approval based upon the clearance of anterior chamber inflammation after cataract surgery. 10 The FDA-approved dosing for bromfenac is twice daily. The structure of bromfenac is similar to that of amfenac, with the exception of a bromine atom at the C4 position that confers lipophilicity to the molecule and facilitates its penetration through the cell membrane. 11 Bromfenac has been found to be more potent as a COX-2 inhibitor than diclofenac, amfenac, or ketorolac. 12 This drug has been studied extensively for the control of pain and inflammation after conventional cataract surgery, but there are few reports in the literature about the inhibitory effect of bromfenac on surgically-induced miosis in patients undergoing phacoemulsification surgery.
The purpose of this study was to evaluate the reduction of postoperative pain and control of trans-surgical miosis with the administration of topical 0.09% bromfenac twice daily 3 days before surgery in patients undergoing femtosecond laserassisted cataract surgery.
Methods
This was a prospective randomized, single-masked, clinical study in patients undergoing femtosecond laser-assisted cataract surgery with posterior chamber IOL implantation at the Anterior Segment Department of Nuestra Señora de la Luz Hospital, over a period of 8 months from March 2018 to November 2018. The ethics and research committee of the institution approved the study, and patient consent for the study was obtained in accordance with the principles stated in the Declaration of Helsinki. Written informed consent was obtained from all subjects before initiation of any studyrelated procedure.
Sixty-five patients who met the inclusion/exclusion criteria were included in the study. The inclusion criteria were subjects 18 years of age or older, regardless of race or gender, who were diagnosed with senile and/or metabolic cataracts with a classification of nuclear (colour/opalescence), cortical, and posterior subcapsular opacity with a maximum of 3 according to the Lens Opacities Classification System, version III (LOCS III), and scheduled for unilateral femtosecond laser-assisted cataract surgery with posterior chamber IOL implantation. Exclusion criteria were as follows: the presence of corneal abnormalities; pathologies resulting in poor pupillary dilation (less than 6 mm) as posterior synechiae, history of intraocular surgery, history of ocular or systematic disease (glaucoma, diabetes, uveitis, pseudoexfoliation syndrome), regular systemic use of steroids or NSAIDs during the previous three months, or use of any selective alpha antagonist for the treatment of benign prostatic hyperplasia.
Subjects who met all entry criteria were sequentially assigned to receive either 0.09% bromfenac (Group 1) or the placebo (Group 2) (0.1% sodium hyaluronate) twice daily 3 days before surgery in a 2:1 ratio according to a computer-generated randomization list (using the website random.org). Preoperatively, all patients underwent a thorough ophthalmic examination and review of concurrent medications and medical history. Age, sex, laterality of surgery, visual acuity, and cataract severity using LOCS III were recorded.
Preoperative pupil dilation was performed using topical 0.5% tropicamide and 5.0% phenylephrine instilled three times at 15-min intervals within 1 h before surgery.
A first preoperative measurement of the maximum horizontal and vertical pupillary dilation diameter was made with the SG05 Castroviejo adjustable calliper under a slit-lamp three days before cataract surgery, and a second confirmatory measurement of the pupillary dilation diameter was performed under a surgical microscope with a SG05 Castroviejo calliper on the day of surgery just before initiating the femtosecond laser. If there was a difference of more than 1 mm between the two measurements, the patient was excluded from the study. It should be clarified that all measurements made on pupil diameter were performed by the same ophthalmologist.
All surgeries were performed in the Anterior Segment Department of Nuestra Señora de la Luz Hospital, Mexico City, under topical anesthesia by the same surgeon who was blinded to patient randomization.
All femtosecond laser pretreatments were performed using the LensX System (Alcon Laboratories, Fort Worth, TX). All laser procedures were performed under topical anesthesia with tetracaine hydrochloride. Anterior capsulotomy (5.0 mm size, 6 mJ pulse energy) and lens fragmentation (10 mJ pulse energy) were then performed with the femtosecond laser under optical coherence tomography (OCT) image control. A standardized lens fragmentation pattern (two cross-sections with a chop diameter of 5.2 mm and one central chop cylinder with a diameter of 3.0 mm) was used. Finally, the axis, width, and length of the primary incision and side-port incision were selected. All the main incisions were made by a superior approach. After completion of the entire laser emission procedure, the vacuum interface was removed, and the patient was transported to a surgery operating room. The same microscope with the same illumination (full) and magnification (x10) was used in all cases to ensure standardization of illumination and magnification during pupillary measurement.
Once the treatment with the femtosecond laser was finished and before opening the incisions of the cornea, a measurement of the horizontal and vertical pupillary diameter was performed in millimetres using the same SG05 Castroviejo adjustable surgical calliper, which measures from 0.0 mm to 20 mm in 0.5 mm increments, under a surgical microscope. The measurement was made by the same ophthalmologist who performed the two previous measurements.
After hydro dissection, the surgery was completed with standard phacoemulsification using a Stellaris unit (Bausch and Lomb Rochester, New York, United States of America) for automated irrigation/aspiration removal of the cortex. Next, an Envista (Bausch and Lomb Rochester, New York, United States of America) foldable monofocal hydrophobic acrylic IOL was implanted into the capsular bag, using the same viscoelastic material in all cases.
All patients received topical antibiotic-corticosteroid treatment four times daily for 10 days after surgery and were evaluated at one day postoperatively for ocular pain, using a print pain visual analogue scale (VAS) with the endpoints defining extreme limits such as 'no pain at all ' (0) and 'pain as bad as it could be ' (10).
This study is registered at protocol.io as dx.doi.org/10.17504/ protocols.io.xqjfmun.
Statistical analysis
The sample size was calculated based on data from previous studies, using a calculator for comparing two means, assuming 80% power and a 95% confidence interval using GPower 3.1 software, according to which we needed at least 30 patients in each group.
Statistical analysis was performed by using the STATA program (version 15). A univariate analysis was performed; for the categorical variables, the frequency distribution is reported as a percentage, and for the quantitative variables, measures of central tendency and dispersion were calculated (standard deviation, ranges).
Comparisons between the two groups for the continuous variables (age, pupillary diameter, and changes in pupillary diameter) were made using the Mann-Whitney U test or Student's t-test. The χ 2 test was used to compare the qualitative variables. Statistical significance was established with a P value < 0.05.
results
A total of 65 patients were randomly divided into two groups. Five patients were excluded due to defective coupling with the laser interface. Each of the 60 patients was randomized to receive preoperative topical treatment with either 0.09% bromfenac or 0.1% sodium hyaluronate. The mean age of the study population was 64.7 ± 9.5 years in Group 1 and 64.9 ± 9.8 years in Group 2. Table 1 describes the demographic and clinical features of each group. No significant differences in demographic variables, medical history, or pretreatment ocular characteristics were observed between the two original groups. No significant differences in horizontal or vertical pupil diameter were observed between the two groups at baseline. The mean horizontal pupil diameter was 7.56 ± 0.8 mm in the 0.09% bromfenac group and 7.71 ± 0.6 mm in the control group, and the mean vertical pupil diameter was 7.72 ± 0.8 mm in the 0.09% bromfenac group and 7.91 ± 0.6 mm in the control group.
The mean change in horizontal and vertical pupil diameter from the preoperative measurement to the post-femtosecond laser measurement did not present a normal distribution, so the Mann-Whitney U test was used to compare the medians of both groups. The mean change in horizontal and vertical pupil diameter was significantly less in the 0.09% bromfenac group than in the vehicle group, i.e., 0.43 ± 0.6 vs. 1.71 ± 0.9, P < 0.001 [ Figure 1 ] and 0.40 ± 0.6 vs. 1.78 ± 0.9, P < 0.001 [ Figure 2 ], respectively.
Compared with untreated patients, the quantification of pain one day after procedure was significantly lower in the 0.09% bromfenac group (46.7% with a score of 3 vs. 50% with a score of 1, P < 0.001). It was found that 15 patients in the group that received pre-surgical NSAIDs had a pain score of 1 versus one patient who received only placebo. Fourteen patients and nine patients who did not receive NSAIDs were had VAS scores of 3 and 4, respectively, versus two patients and no patients with VAS scores of 3 and 4, respectively, in the group receiving NSAIDs, as shown in Figure 3 .
No statistically significant relationship was found between pupillary dilation and the degree of opacity or nuclear density of the cataract, for the horizontal and vertical pupillary diameter (r =-0.09, P < 0.49 and r = -0.043, P < 0.74, respectively), using the Pearson correlation test. Although there was a tendency to present greater maintenance of pupillary dilation in softer cataracts, this was not statistically significant.
Finally, two complications were reported during the surgery; both corresponded to rupture of the posterior capsule, and the two patients were in the placebo group. Both cases showed good dilation at the beginning of surgery (>6 mm). However, during the extraction of the first fragment, pupillary dilation was lost, and patients presented a floppy iris. The first case had a pupillary diameter decrease of 53% and the second case had a pupillary diameter decrease of 46% with respect to the initial measurement. In both cases, rupture of the posterior capsule was present during the aspiration of the last fragment. However, no positive correlation was found between the presence of complications and the administration of placebo versus the application of 0.09% bromfenac.
dIscussIon
The femtosecond laser has improved precision and safety in phacoemulsification surgery and IOL implantation. However, the emission of shock waves is captured by the ocular tissue and generates the release of multiple inflammatory mediators like cytokines and lens proteins, which act on the smooth muscle of the iris, causing intraoperative miosis. 5 Nagy and collaborators reported an increase in intraoperative miosis with a prevalence ranging between 9.5% and 32% with the use of the femtosecond laser. 13 Conversely, Jun and collaborators observed a significant 30% reduction in pupillary area with an incidence of pupillary constriction of less than 6 mm in more than 40% of patients undergoing a femtosecond laser procedure. 3 It is clear that cataract surgery requires stable and adequate mydriasis during the entire procedure to perform continuous capsulorhexis, complete removal of the cortical remains, and proper implantation of the IOL in the capsular bag. 14 Different strategies have been used to maintain adequate dilation during surgery, including devices that expand the pupil. However, Taipale et al. reported a post hoc analysis of five consecutive prospective randomized clinical trials that included 536 eyes undergoing routine cataract surgery, analyzed according to the use of a pupil expansion device. They found that aqueous flare was greater in eyes that were operated on with pupil expansion device compared to those without. It was also described in a previous study that patients who develop pseudophakic cystoid macular oedema (PCME) after cataract surgery have significantly higher aqueous flare values than those who do not. In that study, at three months of follow-up, clinically significant PCME was reported in 12% of eyes with a pupil expansion device and in 2% of eyes without (P = 0.006). 15 The administration of NSAIDs before cataract surgery reduces the possibility of surgically-induced miosis provoked by the release of prostaglandins induced by the action of the cyclooxygenase enzymatic cascade. 11 The efficacy of ophthalmic NSAIDs in preventing miosis has been welldocumented in cataract surgery by conventional phacoemulsification. 7 Our findings further demonstrate that the use of pre-surgical 0.09% bromfenac allows for greater control of the miosis generated by the femtosecond laser applied in the Mexican population with a statistically significant difference versus those patients who received placebo with 0.1% sodium hyaluronate.
These results agree with those published by Kiss and collaborators, who also confirmed in laboratory studies that there is an increase in the level of intracameral prostaglandins after treatment with a femtosecond laser as a result of the absorption of the variable energy required for the fracture of the lens according to its hardness and the formation of intracameral gas bubbles during treatment. Likewise, they demonstrated that prior treatment with topical NSAIDs inhibits the elevation in prostaglandins during the procedure. 8 The role of postoperative pain control with the use of 0.09% bromfenac was also confirmed in this study. We observed that there was a statistically significant difference in the quantification of pain according to the VAS. Those patients who received only placebo had higher values with respect to patients who received pre-surgical NSAIDs. It was found that 15 patients in the group who received pre-surgical NSAIDs had a pain score of 1 versus one patient who received only placebo. This is consistent with the results reported by Donnenfeld and collaborators who demonstrated that 0.09% bromfenac ophthalmic solution was effective for the rapid resolution of ocular pain after cataract surgery. 10 However, in this study, they only used topical NSAIDs after surgery, achieving resolution of ocular pain in 2 days compared to 5 days in cases that received placebo.
It is important to note, in addition, that no other ophthalmic NSAID has been approved by the FDA with a dosing regimen of twice a day. In contrast to the three-or four-times daily dosing schedules of other ophthalmic NSAIDs, the dosing schedule of every 12 h reduces exposure to the drug, results in greater adherence, and maintains significant clinical efficacy.
Although this study did not specifically study PCME, additional benefits have been reported with the prophylaxis use of preoperative NSAIDs to prevent PCME, especially in high-risk patients. However, studies in the literature have analyzed molecules such as ketorolac 0.4% and indomethacin, so it would be worthwhile to carry out future studies that evaluate the effectiveness of bromfenac in this regard. 16 During our study, only two complications were reported, corresponding to rupture of the posterior capsule. Both patients had a reduction in pupillary diameter of more than 40% with respect to the initial one and were in the placebo group; however, these findings were not statistically significant. It would be necessary to obtain a larger sample size in both groups to confirm the positive correlation between poor pupillary dilation and greater presentation of intraoperative complications.
The limitations of this study may be that the patients were not blinded to the administration of the drug or the placebo; however, the principal investigator verified correct application through a daily record, and patients who did not comply with the application instructions were excluded from the study. The ophthalmologist who performed the measurement of pupillary diameter was blinded during the entire study.
This study may encourage new studies to evaluate and understand the role of NSAIDs for the control of pupil miosis in patients with additional ophthalmological conditions that predispose to an increased risk of pupillary constriction, ideally including a larger sample of patients in different arms with a diagnosis of diabetes mellitus, the presence of pseudoexfoliation, and the use of alpha 1 receptor antagonists for the treatment of benign prostatic hyperplasia in order to assess the effectiveness of 0.09% bromfenac to reduce the risk of complications inherent to poor dilation in patients with risk factors and a predisposition for this condition.
Finally, additional clinical studies to investigate the effect of topical NSAIDs on visual results, postoperative inflammation, and macular thickening are justified.
The results of the present study indicate that topical 0.09% bromfenac is an effective inhibitor of miosis during femtosecond laser-assisted cataract surgery. Maintenance of pupil dilation and prevention of miosis during femtosecond laser-assisted cataract surgery were more effective in the 0.09% bromfenac group than in the control group. Likewise, greater control of postoperative pain represented an additional significant benefit.
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